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Abstract 

High strength, light weight metal dad aramid fibers can 
provide significant weight savings when used to replace 
conventional metal wire in aerospace cable. This paper 
provides an overview of metal dad aramid fiber materials 
and information on performance and use in braided 
electrical shielding and signal conductor. 
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Background 

ARACON* combines DuPont pava-aramid fiber 
technology with metal claddings... 


' Para-aramid Fiber " 

High Strength 
Modulus Similar to Metals 
Low Density 
Fine Diameter 
Thermal Stability 
Dimensional Stability 


Metals 

Electrical Conductivity 
Thermal Conductivity 


f Tailored n. 

( light strong, durable J 
\. conductors J 


* ARAcON is a tradename of a product manufactured by the DuPont Company. Trade names or 
manufacturers’ names are used in this report for identification only. This usage does not constitute an 
official endorsement, either expressed or implied, by the National Aeronautics and Space Administration. 
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Base P-aramid fiber Properties 

Nominal 


Tensile Strength 

425 Ksi 

Tensile Modulus 

12-25 Msi 

Elongation 

3% - 4% 

Specific Gravity 

1.4 

filament Diameter 

0.6 mil 

Decomposition Temperature 

500°C 


Comparison of Specific Gravities 

Material Specific Gravity 


Copper 

8.9 

Nickel 

8.9 

Tin 

73 

Silver 

103 

Aluminum 

2.7 

ARACON 

65% metal 
85% metal 

3.1 

5.0 
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Product Offering 


Properties Base Yam vs. Copper 

Individual Fiber Diameter 0.6 mil — 

(~ 54 AWG) 

Fiber Tensile Strength, Ksi 350 min. 35 - 95 

Fiber Tensile Modulus, Msi 12 min. — 



Key Benefits of ARACON 
Over Traditional Copper 
Conductors Include: 

• Weight savings 

• Strength and durability 

• Flexibility 

• Tailored electrical/ 
mechanical property 
balance 
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Component WeiQ M/1 ,000 ft 


Weight Savings Potential for Cables 
(Variety of Aerospace Cable Types) 
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Cable 1 Cable2 Cable 3 Cable 4 Cable 5 Cable 6 Cable 7 
Cable Designation 


Concept 

Replace Wire in 
Shield and/or Conductor with 
Metal Clad Aramid Fiber 
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Product Types 


ARACOIT 

Size 

No. of Filaments 
(No. of Conductors) 

Anprx. AWG 

55 

24 

58 

200 

89 

32 

400 

178 

30 

600 

267 

28 

1125 

500 

26 


Metallic dads available: Nickel 

Copper 

Tin 

Silver 

Range of metal dadding possible: 15 wt% to 90 wt% 
Major interest to date in 65% to 85% metal content 


Most Experience to Date in Braided Shielding 


Shielding 
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Coverage 



ARACON offers greater coverage in 
shielding applications without impairing 
pushback capability. 

• Large number of flexible, 
fine diameter conductors 
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Twisted Pair Cable Comparison 


I 

I 



maxTmm 


Cable Component Weights 


Transfer Impedance 
vs. Frequency 



Case Study — Shielding 

Coaxial Cable Comparison 

A t. very high (GHz) frequencies, ARACON can 
improve shielding and reduce weight 




2-46HZ 

16- It GHz 

Single Braid 

RG58 

100 

57 

52 

RG58 ARACON 

77 

68 

85 

Double Brau 9 

RG223 

100 

94 

107 

RGZ23 AivavON 

72 

124 

no 
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Braid Resistance Before and After 
10K amps Lightning Strike Tests 


Resistance 

Resistance After Six 
After Six Additional 


initial Strikes. Strikes, 

Cable Shield Cable Resistance Wa ve fo rm 1* Wa veform g— 

Number Descripfei Die, (in.) (atOhm/ai) (mOhm/ta) (mOtwyta) 


1 

2 

Control -Wire (MO 
Control-Wire 058 

”335 

L70 

SXS 

1.70 

“335 

150 

5 

ARACON 
70% -85% 
Cu/Ni 

0-40 

12.00 

1250 

11.00 

i 

ARACON 
70%. 85% 
Cu/Ni 

0.68 

4650 

44.00 

4250 

7 

ARACON 
50% -09% 
Co/Ni/Sn 

0.40 

8050 

68.00 

5750 

8 

ARACON 
50% -69% 
Cu/Ni/Sn 

0.68 

30410 

30.00 

3050 

9 

ARACON 
70% -85% 
Cu/Ni/Sn 

0.40 

1150 

1050 

KUO 

10 

ARACON 
70% -85% 
Cu/Ni/Sn 

0.68 

14.00 

1450 

1450 


*Co— witial aircraft test nvtfan 
♦•MJtttary aircraft test w a va ftm a 


Minimal effect of lightning strike, variations depend on 
metal content and diameter. 


Conductor 


* 
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ARACON Unear Weight vs. % Metal 

200d Base Product 



• ARACON offers an opportunity to 
provide lightweight conductors with the 
ability to separately tailor weight, strength 
and electrical properties. 


Comparison of Diameters 
8td. Stranded AWG n. Aracon 



MlO** 

0(55) 


D(W» 


D(400) 


0(400) 

Ml 0**1 

0(1125) 


DttSOO) 


0(3000) 


22 AWG 


3d AWG 

— >— 

V AWG 

—w— 

> AWQ 

— c— 

J0AWC 

-HO— 

33 AWG 


34 AWG 

n 
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ARACON Resistivity vs. Metal Content 

Estimated Values 


e 

a> 

u 



•CS*S 


Wt% of Metal 


ARACON resistivity can be tailored 
to meet: design requirements. 


Preliminary Typical Properties Comparison 

Break 

Streoftk 

(lb) 

AWG 

Malarial 

Dta. 

Ml) 



IT 

WL 

Max. 

0^1 ft) 
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15 
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26 
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1W3S 
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0332 

9 


CS-99 

16J-203 

mot 

U allay 

57.4 

0373 

213 
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iu-au> 

19/36 

U allay 

56.4 

0362 

213 


Cm/Ni 

16-4-19.2 

19/36 

UaOay 

41 

0379 

9 


ARACON 

113-20 

11256/90-70 

t) allay 

400-1200 0.16*036 

40-45 
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113-20 

6406/6044 

U allay 
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Conductance vs. Strengih 


.? 


Q/1,000 ft • lb/1,000 ft 

0.030 


'Conductance' 0.020 

(r 


0.010 


0.000 


Copper 


Jif CS-95 x . 

^ x x WACOH 

j£_JL 


— 1 “j 1 1 — 

0.0 40.0 80.0 120.0 160.0 200.0 


Strength 


^BroUc ^Strength j 


Termination Performance 

BiaiJed Shield 

Soldered: 

• Good remits from Raychem solder sleeve connection. 

• Other soldered connections — no problems. 

Crimped: 

• Excellent results from band-type connectors made by 
Glenair, Inc. 

Conductor 

Crimped: 

• Preliminary data from Daniels Mfg. Corp. showed 
consistent pull-out strengths with 22 D contacts with 
high setting on crimping tool. 

Soldered: 

• Data not yet complete, uo problems anticipated. 

Experience to date shows that ARACON can be 
terminated utilizing present industry procedures. 

i 
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Conductor Crimped Termination 
400d Based ARACON 

Polished Cross Sections 
Low and High Magnifications 



ARACON Crimp Test Results 

Daniels Manufacturing Corporation 

ARACON Yam Sizes 

• 200d, 400d 

Contacts 

• Wire Barrel Size — 22D 

• M39029/57-354 

• TVi-Star Electronics 

Tooting 

• Tool Frame M2252G/2-01 

• Positioner M22529/2-06 


Results 


Brook lead llhl 
lew High Avg. 

Number 

Number 

Broken 

Number 

Broken 

Outside 

Deni«r 

of Tests 

of Pullouts at Crimp 

Crimp 

200 

(S32AWG) 

45 

3.7 7.0 S2 

0 

6 

39(87*) 

400 

(=30 \WG) 

50 

72 1X3 92 

8 

0 

42(84%) 
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Daniels Manufacturing Corporation 
Conclusions 

• ARACON fibers are crimpable and 
void-free terminations are achievable. 

• Strength of crimp is comparable to copper 
conductors of similar diameter, bat with a 
far greater strength-to-weight ratio. 

• ARACON compresses and becomes more dense 
on crimping, whereas metal extrudes from the 
crimp joint 

• ARACON is likely to be less sensitive to 
flex damage. 

• There is no evidence of work hardening 
as with copper. 


Safety/Handling/Disposal 

• Three-day test during braiding, rewinding for 
respirables; better than OSHA and DuPont 
permissible exposure levels. 

• Safe to bury or incinerate. 

• MSDS sheets available. 
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ARACON Disposal 
Recommendation 

• Safe to bury. 

- P-aramid is not listed as hazardous waste by RCRA. 

- No new hazards for metallic components. 

• Incineration OK where allowed for cable. 

• P-aramid can be incinerated. 

> High carbon yield, low smoke. 

> Off-gases similar to wool 

• Recyclability? 

• No defined route at this time. 

- Will consider after commercialization. 

Wb do not believe ARACON to be 
a worse hazard than current cable disposal. 


Summary and Conclusions 

ARACON — New technology for 
conductors and shielding in signal cable. 

• Features: 

• Greater strength 

• Reduced weight 

• Better flexibility 

• Wide temperature capability 

• Tailored electrical properties 

• High braid coverage with pushback 

• Cables can be made with present equipment 

• Terminates with existing tools 

• Trial test results — better than anticipated 
pluc added benefits observed. 

• Willing to work with you on new trial installations. 
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